Introduction {#s1}
============

At the beginning of December 2019, a cluster of pneumonia cases with unknown causes were reported ([@B1], [@B2]). A subsequent high-throughput sequencing revealed that the pneumonia epidemic resulted from a novel beta coronavirus tentatively named "2019 novel coronavirus" (2019-nCoV) that was subsequently termed "severe acute respiratory syndrome coronavirus 2" (SARS-CoV-2) ([@B3]--[@B5]). SARS-CoV-2 is a sister to SARS-CoV, of the SARS-related coronavirus species ([@B4]--[@B8]). Pneumonia caused by SARS-CoV-2 was correspondingly termed "coronavirus disease 2019" (COVID-19) ([@B4], [@B5]). The ongoing outbreak of COVID-19 has posed a great threat to global human health, which has been declared by the WHO as a global public health emergency ([@B1], [@B2]). As shown by the Center for Systems Science and Engineering at Johns Hopkins University (last updated on 07/07/2020), the global cumulative number of confirmed cases has reached 11,779,263, with 6,758,547 cures, and 540,948 deaths ([@B9]). Due to the high transmissibility of COVID-19, the prevention, and control of COVID-19 infection has become a major concern ([@B4], [@B5]). Pregnant women are more susceptible to respiratory pathogens and the development of severe pneumonia than the general population, especially so for those with chronic diseases or maternal complications ([@B4]). The physiologic changes in pregnancy, including altered cell-mediated immunity, and alterations in pulmonary function, may confer the susceptibility and severity of pneumonia to pregnant women ([@B6], [@B10], [@B11]). Pneumonia arising from infectious etiology is the most common non-obstetric infectious condition that occurs in pregnant women ([@B6], [@B12], [@B13]). In particular, universal SARS-Cov-2 screening for women admitted for delivery found that all women with positive test results were asymptomatic at the time of testing ([@B14], [@B15]). Therefore, the effect of SARS-CoV-2 infection on maternal and infant outcomes needs to be explored, especially the intrauterine vertical transmission potential of COVID-19. Moreover, in the use of a reverse transcriptase-polymerase chain reaction (RT-PCR) and the specific antibody to SARS-CoV-2 of neonate samples remains controversial ([@B4], [@B5], [@B16]--[@B20]). Given SARS-CoV-2 is a sister of SARS-CoV, it is important for us to learn from the experience of preventing and controlling SARS-CoV among pregnant people. In this review, we made a comprehensive comparison of SARS-CoV-2 and SARS-CoV in genetic, infection, transmission, and clinical characteristics. Based on such a comparison, we summarized the potential maternal, and infant outcomes from pregnancy with COVID-19 or SARS. Further, we discuss the potential of mother-to-child transmission of SARS-CoV-2, in particular the possibility of intrauterine vertical transmission. The guidelines for those women with SARS-CoV-2 infections during pregnancy and puerperium prepared by numerous experts were also briefly presented ([@B21]). Considering the ongoing global public health emergency, we believe that our review is important for understanding the mother-to-child transmission potential of SARS-CoV-2 and its implication for the safe management of COVID-19 in pregnancy.

Comparison Between SARS-CoV AND SARS-CoV-2 {#s2}
==========================================

The pathogen contributing to the COVID-19 epidemic was tentatively named "2019-nCoV" ([@B3], [@B22]). Based on phylogeny, taxonomy, and established practice, the Coronavirus Study Group (CSG) of the International Committee on Taxonomy of Viruses formally recognizes this virus as a sister to SARS-CoV and designates it as SARS-CoV-2 ([@B8]). A coronavirus is spherical, enveloped, and the largest of the positive-strand RNA virus and SARS-CoV-2 is the seventh member of enveloped RNA coronaviruses with the ability to infect humans ([@B2], [@B6]). The coronaviruses currently known to infect humans include HCoV-229E and HCoV-NL63 (*Alphacoronavirus* genus), HCoV-OC43, HCoV-HKU1, MERS-CoV, SARS-CoV, and SARS-CoV-2 (*Betacoronavirus* genus) ([@B23]). SARS-CoV is the pathogen that caused the SARS epidemic from 2002 to 2003 ([@B24]). There were 8,422 cases and 916 deaths in 29 countries, with most of them having occurred in mainland China by 31 July 2003 ([@B24]).

Given the great similarity between SARS-CoV and SARS-CoV-2, a comprehensive comparison between these two viruses can help us learn from the SARS epidemic to control and prevent COVID-19. Their comparisons were mainly presented according to their clinical and viral characteristics ([Table 1](#T1){ref-type="table"}). In general, there was a 79.5% similarity in the whole genome between SARS-CoV and SARS-CoV-2, while only a 74.9% similarity in the gene coding spike glycoprotein ([@B3], [@B22], [@B25]). Both SARS-CoV-2 and SARS-CoV spread rapidly from human-to-human transmission ([@B7], [@B28]--[@B32]). SARS-CoV can be spread via respiratory droplets, secretions, nosocomial contacts, and mechanical aerosols, such as the aerosols arising from the flushing of toilets ([@B33]--[@B35]). SARS-CoV-2 seems to spread more easily among humans than SARS-CoV, which may result from the various modes of transmission and its high affinity with its receptor angiotensin-converting enzyme 2 (ACE2) ([Table 1](#T1){ref-type="table"}). The latest pilot experiment confirmed that 4 out of 62 stool specimens (6.5%) tested positive to SARS-CoV-2, and another 4 patients who tested positive toward SARS-CoV-2 in rectal swabs also had SARS-CoV-2 detected in their gastrointestinal tract, saliva, or urine ([@B7]). The results suggest the possibility of transmission via aerosols arising from the flushing of toilets. In particular, SARS-CoV-2 can be detected in esophageal erosion and bleeding sites in cases with severe peptic ulcers after symptom onset ([@B7]). Although these results only suggest the existence of SARS-CoV-2 nucleotides fragments in these samples, Sun et al. ([@B36]) reported that urine samples of COVID-19 patients can isolate SARS-CoV-2 with the infectious ability, suggesting the existence of infectious viral particles in these samples. Moreover, the gastrointestinal tract highly expressed ACE2 as indicated by the Human Protein Atlas, which may explain the existence of SARS-CoV-2 in urine and stool specimens ([@B7]). Indeed, the 20--30-fold higher affinity of SARS-CoV-2 spike glycoproteins binding to ACE2 than the SARS-CoV spike protein may also enable the rapid transmission of COVID-19 ([@B25]--[@B27]). Collectively, the mounting routes of transmission and high affinity with ACE2 might jointly contribute to the rapid spread of SARS-CoV-2. However, COVID-19 exhibited a lower-case fatality rate than SARS ([@B7]). The median incubation period of SARS-CoV is also longer than SARS-CoV ([@B7]).

###### 

Comparisons between SARS-CoV and SARS-CoV-2.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Items**                                                   **SARS-CoV**                                                                    **SARS-CoV-2**                                              **References**
  ----------------------------------------------------------- ------------------------------------------------------------------------------- ----------------------------------------------------------- -------------------------
  First location                                              Guangdong, China                                                                Wuhan, Hubei, China                                         ([@B7])

  Classification                                              Genus *Betacoronavirus*, subgenus *Sarbecovirus*                                Genus *Betacoronavirus*, subgenus *Sarbecovirus*            ([@B3], [@B22], [@B25])

  Disease name                                                SARS                                                                            COVID-19                                                    ([@B8], [@B24])

  Clinical characteristics                                    Fever (99--100%);\                                                              Fever (83--98%);\                                           ([@B7])
                                                              Cough (62--100%);\                                                              Cough (76--82%);\                                           
                                                              Diarrhea (20--25%);\                                                            Diarrhea (2--3%);\                                          
                                                              Chest radiograph abnormality (94--100%);\                                       Chest radiograph abnormality (76.4%);\                      
                                                              Leukopenia (25--35%); Lymphopenia (68--85%);\                                   Leukopenia (5--9%); Lymphopenia (35--63%);\                 
                                                              Thrombocytopenia (40--45%)                                                      Thrombocytopenia (5--12%)                                   

  Case fatality rate (%)                                      11                                                                              1.4--2.1                                                    ([@B7], [@B24])

  Basic reproduction number (R~0~)                            2.0--3.0                                                                        2.2--2.68                                                   ([@B24], [@B26])

  Median and range of incubation period (days)                4.6 (2.0--14.0)                                                                 5.2 (95%CI: 4.1--7.0)                                       ([@B7], [@B24])

  Receptor of virus spike protein                             ACE2                                                                            ACE2(With a 20--30-fold higher affinity than SARS-CoV)      ([@B25]--[@B27])

  Conventional routes of transmission                         Respiratory droplets, secretions, nosocomial contact, and mechanical aerosols   Respiratory droplets, direct contact, fomite transmission   ([@B7], [@B24])

  Evidence of supporting Intrauterine vertical transmission   No                                                                              No                                                          ([@B4]--[@B6])
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Despite the high phylogenetic homogeneity between SARS-CoV-2 and SARS-CoV, there are still some clinical characteristics differentiating COVID-19 from SARS. The symptoms of those infected with SARS-CoV have been more common in respiratory out-patient clinics and wards ([@B37], [@B38]). After analyzing the 1,099 COVID-19 patients, Guan et al. ([@B7]) found that the typical radiological finding on chest computed tomographies is ground-glass opacity with a ratio of 50.00%. Consistent with previous publications ([@B1], [@B32], [@B39]), the most common clinical characteristics of COVID-19 are fever (87.9%) and cough (67.7%), but not the gastrointestinal symptom that is more frequently observed in SARS ([@B7]). The absence of fever in COVID-19 seems to be more frequent than in SARS-CoV (1%), as fever occurred in only 43.8% of COVID-19 patients on initial presentation ([@B40]), implying the limitation of focusing on fever detection in defining surveillance cases ([@B41]).

Maternal and Infant Outcomes from SARS-CoV-Infected Pregnant Women {#s3}
==================================================================

Although there were relatively few cases of patients infected with SARS during pregnancy based on previous clinical studies and case reports, there were more than 100 cases of SARS-CoV infections that occurred in pregnant women as estimated by the WHO ([@B24]). SARS-CoV infection during pregnancy was associated with a risk of adverse maternal and neonatal complications, including intrauterine growth restriction, preterm delivery, spontaneous miscarriage, severe maternal illnesses, such as, admission to the intensive care unit (ICU), renal failure, and disseminated intravascular coagulopathy, and death ([@B4], [@B6], [@B13], [@B42]--[@B46]). In detail, a case-control study found that the clinical characteristics of SARS in pregnant women were similar to those reported for non-pregnant patients with SARS ([@B47]). However, all the pregnant women with SARS required endotracheal intubation, and six were admitted to the ICU, whereas the intubation rate and ICU admission rate in the non-pregnant group was only 17.5 and 12.5%, respectively ([@B47]). There were three deaths among pregnant women with SARS, while no deaths occurred in the non-pregnant women with SARS-CoV infection. Both renal failure and disseminated intravascular coagulopathy were developed more frequently in pregnant SARS patients than non-pregnant SARS women ([@B47]). Zhang et al. ([@B46]) also reported SARS-CoV infections in five primigravids while none of the five infants had virologic evidence of SARS-CoV. In a more detailed case report, Robertson et al. ([@B48]) described a 36-year-old pregnant woman with a SARS-CoV infection. Obstetrical ultrasounds revealed a low-lying placenta (placenta previa), but the pregnancy was otherwise normal. The cesarean section was performed at 38 weeks gestation due to the placenta previa and a healthy baby girl was delivered ([@B48], [@B49]). Antibodies against SARS-CoV were tested positive from the maternal serum, umbilical cord blood, and breast milk. No viral RNA was detected in specimens of maternal serum and whole blood, or in swabs from the maternal nasopharynx and rectum, post-delivery placenta, umbilical cord blood, amniotic fluid, and breast milk. However, no clinical specimens were available for testing from the infant in this study ([@B48]). Another 38-year-old woman was exposed to SARS-CoV in the same hotel as the aforementioned patients ([@B50]). The serum samples taken on days 28 and 64 post-onset of illness tested positive for antibodies against SARS-CoV. Her pregnancy continued and was unremarkable except for developing elevated glucose levels. Due to the preterm rupture of membranes and fetal distress, this patient underwent a cesarean section at 36 weeks gestation and obtained a healthy baby boy. The mother\'s serum samples at the time of delivery were positive for antibodies against SARS-CoV, but both umbilical cord blood and placenta were negative. Also, breast milk sampled 12 and 30 days after delivery were negative for SARS-CoV antibodies. The specimens, including maternal blood, stool, nasopharynx samples, and umbilical cord blood of the infant, were negative for SARS-CoV RNA. Consistently, the stool samples from the neonate obtained on days-of-life 12 and 30 were negative for SARS-CoV RNA. Yudin et al. ([@B51]) reported a 33-year-old pregnant woman who was admitted to the hospital at 31 weeks\' gestation due to SARS. Following a 21-day stay in the hospital, the antibody against SARS-CoV tested positive, while she had a normal labor delivery. Together, there were no cases of vertical transmission identified among the pregnant women with SARS-CoV infection ([@B24], [@B43], [@B45], [@B52]). However, the effect of SARS on maternal outcomes seems to be associated with the stage of pregnancy when the onset of SARS-CoV occurs ([@B44], [@B53]). Wong et al. ([@B44]) found that the SARS-CoV infections present during the first trimester of pregnancy was more likely to cause spontaneous miscarriages, while infections present after 24 weeks of pregnancy developed into delivered preterm.

Maternal and Infant Outcomes from Pregnant Women With COVID-19 {#s4}
==============================================================

Current research involving pregnancy with COVID-19 were listed in [Table 2](#T2){ref-type="table"}. Results seems to be inconsistent between antibody-based serological characteristics and RT-PCR-based virologic evidence of infants. Specifically, a retrospective study published in *The Lancet* from ([@B5]) reported that the clinical characteristics of SARS-CoV-2 infection in pregnancy were similar to those reported for non-pregnant adults with a SARS-CoV-2 infection. In brief, the typical symptoms, including fever (in seven of nine patients), cough (in four), myalgia (in three), malaise (in two), and sore throat (in two), were observed in these patients, while none of them developed severe COVID-19 pneumonia or died. All patients underwent a cesarean section and their live births had a 1-min Apgar score of 8--9 and a 5-min Apgar score of 9--10 ([@B5]). The samples of amniotic fluid, cord blood, neonatal throat swab, and breastmilk samples from six patients tested negative for SARS-CoV-2 ([@B5]), suggesting no intrauterine vertical transmission of SARS-CoV-2 in the nine pregnant COVID-19 patients. However, this study enrolled only nine pregnant women with COVID-19, and sample collection was successful in only six infants ([@B5]). Another study from Chen et al. reported four pregnant women with COVID-19 ([@B16]). All mothers recovered from COVID-19 and had no critical maternal illness, although one mother suffered severe dyspnea after delivery which required respiratory support, and one developed anemia and dyspnea after admission. Of note, none of the three infants whose parents provided consent to be diagnosed tested positive for SARS-CoV-2 from throat swab samples or developed serious clinical symptoms such as fever, cough, or diarrhea. However, two newborns had a rash, which disappeared spontaneously without treatment; a newborn from the mother with placenta previa was considered to suffer from transient tachypnea of the newborn and was supported by non-invasive mechanical ventilation for 3 days. Of note, a study published in *JAMA Pediatrics* indicated three neonates born to a pregnant woman with COVID-19 tested positive for SARS-CoV-2 by qRT-PCR ([@B20]). However, as indicated by the medical record, the throat swab sample of the neonate was collected at more than 48 h after delivery. No direct testing of intrauterine tissue samples, such as amniotic fluid, cord blood, or placenta, was collected to detect SARS-CoV-2, which is critical for confirming that the SARS-CoV-2 infection in the neonate was due to intrauterine transmission ([@B20]). Therefore, intrauterine SARS-CoV-2 infection remains uncertain.

###### 

Maternal and infant outcome of pregnant women with COVID-19 reported by the indicated study.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Sample size**                               **Pregnancy stage**       **Delivery manner**                         **Infant outcome**                                                                          **Maternal outcome**                                           **RT-PCR results of neonate samples for SARS-CoV-2**                                                 **References**
  --------------------------------------------- ------------------------- ------------------------------------------- ------------------------------------------------------------------------------------------- -------------------------------------------------------------- ---------------------------------------------------------------------------------------------------- ----------------
  Nine (only six obtained samples successful)   Third trimester (9/9)     Cesarean section (9/9)                      Premature (4/9)\                                                                            Lymphopenia\                                                   Positive (0/6) (amniotic fluid, cord blood, throat swab)                                             ([@B5])
                                                                                                                      Increased myocardial enzymes and creatine kinase-myocardial (1/9)                           (5/9)\                                                                                                                                                              
                                                                                                                                                                                                                  Fetal distress\                                                                                                                                                     
                                                                                                                                                                                                                  (2/9)                                                                                                                                                               

  Nine (ten neonates, including two twins)      Third trimester (9/9)     Cesarean section (7/9)\                     LGA (1/10)\                                                                                 Fetal distress (9/10)                                          Positive (0/10) (pharyngeal swab)                                                                    ([@B54])
                                                                          Vaginal delivery (2/9)                      SGA (2/10)\                                                                                                                                                                                                                                                     
                                                                                                                      Fever (2/10)\                                                                                                                                                                                                                                                   
                                                                                                                      Thrombocytopenia accompanied by abnormal liver function (2/10)\                                                                                                                                                                                                 
                                                                                                                      Rapid heart rate (1/10)\                                                                                                                                                                                                                                        
                                                                                                                      Vomiting (1/10)\                                                                                                                                                                                                                                                
                                                                                                                      Pneumothorax (1/10)\                                                                                                                                                                                                                                            
                                                                                                                      Death (1/10)                                                                                                                                                                                                                                                    

  Four                                          Third trimester (4/4)     Cesarean section (3/4)\                     Rashes after birth (2/4)\                                                                   Reduced fetal movement (1/4)\                                  Positive (0/4) (throat swab)                                                                         ([@B16])
                                                                          Vaginal delivery (1/4)                      Edema from the mother with cholecystitis (1/4)\                                             Anemia and dyspnea (1/4)\                                                                                                                                           
                                                                                                                      TTN and required nCPAP after birth from mother with placenta previa (1/4)                   Lymphopenia\                                                                                                                                                        
                                                                                                                                                                                                                  (2/4)\                                                                                                                                                              
                                                                                                                                                                                                                  Increased C-response protein (4/4)                                                                                                                                  

  Six                                           N/A                       Cesarean section at third trimester (6/6)   Increased IgM antibody to SARS-CoV-2 concentration (2/6)\                                   Increased IgM/IgG antibody to SARS-CoV-2 concentration (5/6)   Positive (0/6) (throat swabs, blood samples)                                                         ([@B19])
                                                                                                                      Increased IgG antibody to SARS-CoV-2 concentration (5/6)\                                                                                                                                                                                                       
                                                                                                                      Increased IL-6 concentration (6/6)                                                                                                                                                                                                                              

  One                                           Third trimester (1/1)     Cesarean section (1/1)                      Increased IgM antibody to SARS-CoV-2 concentration (1/1)\                                   Increased IgM/IgG antibody to SARS-CoV-2 concentration (1/1)   Positive (0/1) (nasopharyngeal swabs)                                                                ([@B17])
                                                                                                                      Increased IgG antibody to SARS-CoV-2 concentration (1/1)                                                                                                                                                                                                        

  Thirty-three                                  N/A                       Cesarean section (26/33)\                   N/A                                                                                         N/A                                                            Positive (3/33) (nasopharyngeal and anal swabs) All tested positive obtained from Cesarean section   ([@B20])
                                                                          Vaginal delivery (7/33)                                                                                                                                                                                                                                                                                     

  Three                                         Third trimester (3/3)     Cesarean section (3/3)                      Low birth weight (1/3)\                                                                     Increased C-response protein (3/3)                             Positive (3/3) (throat swabs)                                                                        ([@B55])
                                                                                                                      Fibrin deposition inside and around the villi with local syncytial nodule increases (3/3)                                                                                                                                                                       

  Seventeen                                     Third trimester (17/17)   N/A                                         Headache (1/17)                                                                             N/A                                                            Positive (0/17) (oropharyngeal/\                                                                     ([@B14])
                                                                                                                                                                                                                                                                                 nasopharyngeal combination swab)                                                                     

  One                                           Third trimester (1/1)     N/A                                         Intermittent fever, dry cough, headache, and myalgia (1/1)                                  A dysplastic and multi-cystic right kidney (1/1)               N/A                                                                                                  ([@B56])
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*LGA, large-for-gestational-age; SGA, small-for-gestational-age; TTN, transient tachypnea of the newborn; nCPAP, nasal- Continuous Positive Airway Pressure*.

Recently, two studies published in *JAMA* from separate research teams in China reported that three neonates may have acquired SARS-CoV-2 *in utero* from mothers with COVID-19 based on the elevated IgM antibodies to SARS-CoV-2 in neonates ([@B17], [@B19]).

Specifically, the study from Zeng et al. made a retrospectively review for six pregnant women with COVID-19 ([@B19]). All these mothers had mild clinical manifestations and performed cesarean deliveries in their third trimester. Of note, all six newborn babies had a normal 1- and 5-min Apgar score and none of them presented any symptoms of COVID-19. However, serological characteristic results indicated that two infants had SARS-CoV-2-specific IgG and IgM concentrations higher than the normal level (\<10 AU/mL). Given that IgM is not usually transferred from mother to fetus because of its larger macromolecular structure under normal conditions ([@B57]), the author speculated that the neonates may have been infected with SARS-CoV-2 *in utero* from mothers with COVID-19. However, all neonatal throat swabs and blood samples had negative RT-PCR test results. Moreover, this study is limited by the small sample size, lack of cord blood, placenta, amniotic fluid, mother\'s vaginal secretions, and breast milk and by incomplete information on the outcome of the infants ([@B19]). Similar to the case mentioned above, another study from Lan et al. reported that an infant girl born to a mother with COVID-19 (34 weeks, 2 days of gestation) may have acquired SARS-CoV-2 *in utero* due to the elevated IgM antibodies to SARS-CoV-2 ([@B17]). However, both the infant\'s nasopharyngeal swabs and breast milk sampled 3 days after delivery had a negative RT-PCR test result of SARS-CoV-2. Moreover, all neonates had a normal 1- and 5-min Apgar score. The mother\'s vaginal secretions obtained at delivery also tested negative for SARS-CoV-2. However, this study is limited by the single case, and the lack of amniotic fluid and placenta. There was also no detailed information regarding the pregnancy stage of the onset of COVID-19.

In summary, there was no positive RT-PCR result in the neonate specimens obtained within 24 h post-birth ([@B5], [@B14], [@B16], [@B17], [@B19]), implying no virologic evidence for congenital infection. However, the serological characteristics of infants reported three neonates with elevated IgM antibodies to SARS-CoV-2 born to a mother with COVID-19, suggesting a possible vertical transmission of SARS-CoV-2 from mother to newborn ([@B17], [@B19]). Indeed, the virologic evidence for supporting the utero transmission should be diagnosed based on RT-PCR test results of the samples from neonates but not IgM detection with a high incidence of its false-positive and false-negative results ([@B58], [@B59]). A reasonable explanation for such inconsistency may be the disruption of the placenta or amniotic barrier caused by the inflammatory mediators from mothers that, induced by SARS-CoV-2, facilitates the cross of IgG and IgM. In detail, the placenta is a barrier to viral infection ([@B60]). The damage of the placenta by SARS-CoV-2 may represent an important link in the vertical transmission according to the experience from SARS-CoV. The two placentas from women who were recovering from SARS-CoV infection in the third trimester of pregnancy had abnormal weights and pathologies ([@B53]). By contrast, in the case of COVID-19, whether the placentas from those pregnant while infected with COVID-19 were abnormal or damaged in most of these studies are unknown ([@B5], [@B16], [@B17], [@B19]). Indeed, a study reported that there were various degrees of fibrin deposition inside and around the villi with local syncytial nodule increases in three placentas from those pregnant while infected with COVID-19, especially a placenta with massive infarction ([@B55]). However, these three placenta samples tested negative for the nucleic acid of SARS-CoV-2, suggesting no virologic evidence in the placenta ([@B55]). However, another study revealed that SARS-CoV-2 invasion of the placenta in a woman with COVID-19 in the second trimester through molecular and immunohistochemical assays and electron microscopy ([@B61]). Moreover, the public antibody-protein profiles resident in Human Protein Atlas (HPA) revealed enrichment of the SARS-CoV-2 receptor ACE2 in the placenta and ovary ([@B62]). Collectively, the possibility of SARS-CoV-2 infection acquired from the uterus cannot be excluded, highlighting the potential for severe morbidity among pregnant women with COVID-19.

An EDITORIAL published in *JAMA* holds that SARS-CoV-2 can theoretically be transmitted in the uterus, especially given that virus\' nucleic acid has been detected in blood samples ([@B59]). However, nucleic acids do not represent infectious particles. Indeed, it had been revealed that inflammatory mediators, including IL-6, IL-1β, and TNF-α, cause severe dysfunction of the amniotic barrier via decreasing the expression of tight junctions-associated factors claudin-3 and claudin-4 and inducing apoptosis of the amniotic epithelial cells ([@B63]). Of note, IL-6 has prominent pro-inflammatory properties ([@B64]). IL-6 was significantly increased in all infants from mothers with COVID-19 ([@B19]) and the clinical and immunological features suggested that both the concentration of IL-6 and TNF-α are higher in severe COVID-19 patients than in moderate patients ([@B65]). The elevated IgM antibody to SARS-CoV-2 in the blood was not observed in all neonates, which may be associated with the different levels of inflammatory mediators among them. Collectively, in addition to the possibility of false-positive and false-negative results of IgM ([@B59]), disruption of the placenta barrier and amniotic barrier caused by inflammatory mediators causing the elevated IgM concentration also needs to be further investigated. However, determination of the level of ordinary IgG but not specific to SARS-CoV-2 in neonate blood would be a crucial indicator explaining the disruption of the placenta and amniotic barrier.

Potential of Mother-To-Child Transmission of SARS-CoV-2 Based on the General Routes {#s5}
===================================================================================

In general, the routes of mother-to-child transmission of SARS-CoV-2 mainly include intrauterine vertical transmission, birth, or breastfeeding. There is currently no evidence supporting the intrauterine vertical transmission of both SARS-CoV and SARS-CoV-2 based on the discussion above ([@B4]--[@B6], [@B42], [@B51]). However, all the pregnant women recruited in these studies were in their third trimester. Of note, the effect of SARS-CoV-2 on the infant and maternal outcome may be closely associated with their pregnancy stage during the virus infection, which was observed in both SARS-CoV and rubella ([@B44], [@B66]). Therefore, the possibility of intrauterine transmission in pregnancy with SARS-CoV-2 infection in the first or second trimester of pregnancy cannot be overlooked. The potential damage caused by inflammatory factors (above) also needs to be assessed.

For the transmission during birth, most of the people pregnant while infected with COVID-19 discussed above underwent a cesarean section to deliver the live births in current studies, three neonatal from which exhibited early-onset infection with SARS-CoV-2 ([@B20]). By contrast, there were ten patients with COVID-19 who performed vaginal delivery, all infants from which tested negative for SARS-CoV-2 ([@B16], [@B20], [@B54]). Of note, such low transmitted cases were greatly based on the comprehensive protective methods. Indeed, the samples of vaginal mucosa and shedding in birth canals are crucial samples indicating whether SARS-CoV-2 could be transmitted during vaginal delivery. There were few studies that collected vaginal secretion (1/80) or infant blood (12/80); all tested negative for SARS-CoV-2 ([@B5]). Further, as revealed by HPA Tissue Atlas, vaginal secretion expresses virtually no ACE2 ([@B62]), implying that SARS-CoV-2 may not infect the tissue. Together, the risk of SARS-CoV-2 transmission by vaginal delivery seems low, although more definitive evidence is required.

Finally, to determine the potential of SARS-CoV-2 transmission via breastfeeding, several studies collected and analyzed breast milk samples (7/63) from patients with COVID-19 pneumonia after their first lactation ([@B5], [@B17]). However, these samples tested negative for SARS-CoV-2, suggesting no evidence supporting the breastfeeding transmission of SARS-CoV-2 ([@B5]). Of note, such results were similar to pregnancies with SARS-CoV infection. No viral RNA was detected in the specimens of umbilical cord blood, amniotic fluid, and breast milk from those pregnant while infected with SARS-CoV ([@B48]--[@B50]). Indeed, the antibody against SARS-CoV can be tested from the umbilical cord and breast milk ([@B48]--[@B50]). Based on such experiences from SARS-CoV, the antibody against SARS-CoV-2 derived from pregnancy may penetrate the placental barrier to orchestrate antiviral defense in the fetus to combat SARS-CoV-2, which needs to be further determined.

Future Perspective: Management Guidelines for Obstetric Patients and Neonates Born to Mothers With Suspected or Probable COVID-19 {#s6}
=================================================================================================================================

In summary, there was a low possibility for mother-to-child transmission of SARS-CoV-2 if adequate protective measures were taken. However, the most crucial point is the potential effect of COVID-19 on maternal and fetal outcomes, rather than whether SARS-CoV-2 can be acquired from the uterus; however, the determination of mother-to-child transmission potential is also important. That said, the effect of COVID-19 on maternal and fetal outcomes should be paid considerable attention. According to the experience from SARS, although no mother-to-child transmission was observed in SARS, SARS-CoV infection was associated with a high risk of severe maternal illness, maternal death, and spontaneous miscarriages ([@B4], [@B6], [@B13], [@B42]--[@B46]). Indeed, maternal pneumonia is closely associated with a high incidence of various adverse obstetrical outcomes, including the premature rupture of membranes, preterm labor, intrauterine fetal demise, intrauterine growth restriction, and neonatal death ([@B67]--[@B69]). Further, although observed in a few cases, COVID-19 may be related to the adverse maternal and infant outcome, including premature births, fetal distress, abnormal fetal liver function, rapid heart rate, etc. ([Table 2](#T2){ref-type="table"}).

To address the safety issues for the obstetrical management and delivery of pregnant women with COVID-19, the advice for those women with SARS-CoV-2 infections during pregnancy and puerperium was prepared by numerous experts from the fields of obstetrics and gynecology, pediatrics, infectious diseases, and critical care ([@B21], [@B70]--[@B75]). Similar to the recommendations for the non-pregnant, early isolation, early diagnosis, and early management are still the core criteria of prevention and control transmission for pregnant women with suspected and probable SARS-CoV-2 infection. These recommendations mainly include:

1.  At times of COVID-19 outbreaks, all pregnant patients should be assessed for travel history or contact with people from the worst-hit areas of the epidemic within 2 weeks. The definition of a case with suspected COVID-19 should be focused on the clinical symptoms of COVID-19;

2.  Pregnant women with labor-confirmed SARS-CoV-2 infection should be treated centrally according to the designation by the department of medical administration. The corresponding risk of adverse pregnancy outcomes contributed by COVID-19 should be informed to the patients;

3.  A chest radiograph, especially the computed tomography, is crucial for evaluating the development of COVID-19;

4.  Pregnant women with suspected or probable COVID-19 should be informed to the CDC and placed in an isolation room or a negative pressure room if it is available;

5.  Prenatal examination and delivery of pregnant women with a SARS-CoV-2 infection should be carried out in negative pressure isolation or on an isolation ward. The management medical staff should wear protective equipment;

6.  The timing of childbirth should be based on the specific conditions of the mother and child, the gestational week, and the childbirth conditions. The delivery mode depends on obstetric indication;

7.  The specific anesthesia method for SARS-CoV-2-infected pregnant women who require surgical delivery can be general anesthesia and regional anesthesia, which should be performed based on the professional anesthesiologist;

8.  Given that the possibility of the intrauterine vertical transmission of SARS-CoV-2 cannot be excluded, all newborns from pregnant patients with suspected or confirmed COVID-19 should be isolated for at least 14 days and should not be breastfed during this period until a SARS-CoV-2 infection is ruled out or cured. The mothers should squeeze milk regularly to ensure lactation. An expert team consisting of obstetricians, nurses, pediatricians, infection control specialists, respiratory therapists, and anesthesiologists should jointly manage pregnant women with COVID-19 and their newborn baby;

9.  Pregnant women with COVID-19 should be managed by fixed staff, including obstetrics, neonatal, and other related professionals. The healthcare workers caring for pregnant COVID-19 patients should not care for other patients. All healthcare workers should be daily monitored for fever and cough symptoms of COVID-19. Such individuals should be isolated if they were confirmed or suspected of COVID-19;

10. All health care personnel, trainees, and support staff should be trained in infection control management and containment to prevent the spread of SARS-CoV-2.
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